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Abstract: In this paper, we get the holographic equipartition form the first order for-
mulism, that is, the connection and its conjugate momentum are considered to be the
canonical variables. The final results have similar structure as those from the metric for-
mulism.
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1 Introduction
The so-called "Emergent Gravity Paradigm" [1–4] developed by T. Padmanabhan and his
collaborators suggest that gravity is an emergent phenomenon, and its field equations have
the same status as the equations of elasticity or fluid mechanics. An important result is
that the evolution of geometry can be interpreted in thermodynamic terms [5, 6]
∫
V
d3x
8piG
√
huag
ijLξN
a
ij =
1
2
Tavg(Nsur −Nbulk), (1.1)
where
Nsur =
∫
∂V
√
σd2x
G
; Nbulk =
E
(1/2)Tavg
; Tavg =
1
Asur
∫
∂V
√
σd2x
Na
2pi
(1.2)
are the degrees of freedom in the surface and bulk of a 3-dimensional region V and Tavg is
the average Davies-Unruh temperature [7, 8] of the boundary. The hab is the induced metric
on the t = constant surface, Naij = −Γaij + 12(δai Γddj + δajΓdid), and ξa = Nua is the proper-
time evolution vector corresponding to observers moving with four-velocity ua = −N(dt)a,
and E is the Komar energy [9, 10]. The time evolution of the metric in a region (described
by the left hand side), arises because Nsur 6= Nbulk . In any static spacetime, on the other
hand, Lξ(· · · ) = 0, leading to "holographic equipartition" [11–13]: Nsur = Nbulk.
In this paper, we will derive the similar expression from the first order formulism, that
is the Palatini action. The basic variables are the connection and co-tetrad form fields. This
action is closely related to loop quantum gravity [14–17]. Another advantage is that, when
considering a black hole, the boundary degrees of freedom can be described by a SO(1, 1)
BF theory [18–22]. In the following section we set 8piG = 1.
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2 The holographic equipartition from first order formulism
Our starting point is the first order Palatini action coupled with matters,
S[e,A] = −1
4
∫
M
εIJKLe
I ∧ eJ ∧ F (A)KL + 1
2
∫
M
eI ∧ TI
= −1
2
∫
M
ΣIJ ∧ F (A)KL + 1
2
∫
M
eI ∧ TI ,
(2.1)
where eI are covielbein 1-form fields,
ΣIJ =
1
2
εIJKLe
K ∧ eL (2.2)
2-form fields, AIJ the SO(3, 1) connection 1-form, FIJ the curvature 2-form of A
IJ , TI the
energy-momentum 3-form and I, J indices of the Lie algebra of so(3, 1). From the above
action one can get the field equations,
εIJKLe
J ∧ F (A)KL = TI , dAΣIJ := dΣIJ −A KI ∧ ΣKJ −A KJ ∧ ΣIK = 0. (2.3)
The dynamical variables can be chosen as the connection AIJ and its conjugate mo-
mentum ΣIJ . Similar to Eq.(1.1), we want to calculate the following expression for the first
order formula ∫
V
ΣIJ ∧ LξAIJ .
Due to the Cartan formula Lξ = diξ + iξd, where iX is the interior product, we get∫
V
ΣIJ ∧ LξAIJ =
∫
V
ΣIJ ∧ [d(iξAIJ) + iξdAIJ ]
=
∫
V
d(ΣIJ ∧ iξAIJ)− dΣIJ ∧ iξAIJ +ΣIJ ∧ iξdAIJ
=
∫
V
ΣIJ ∧ iξdAIJ − dΣIJ ∧ iξAIJ +
∫
∂V
ΣIJ ∧ iξAIJ .
(2.4)
2.1 The bulk term
First let us consider the bulk term. We choose the time gauge as
e0a = ua = Nξa = −N(dt)a ⇒ ea0 = −ua = −ξa/N, (2.5)
so on the hypersurface V : t = constant, we have
e0 , 0. (2.6)
(We denote equalities on V by the symbol ,.) Due to the definition (2.2), the only non-zero
Σ are Σ0i(i = 1, 2, 3). The bulk term is
2
∫
V
Σ0i ∧ iξdA0i − dΣ0i ∧ iξA0i = 2
∫
V
Σ0i ∧ iξ(F 0i −A0k ∧Aki)− iξA0i(Aki ∧ Σ0k)
= 2
∫
V
Σ0i ∧ iξF 0i + iξAki(A0k ∧Σ0i),
(2.7)
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where the field equations (2.3) are used.
Since ξa = −Nea
0
,
2
∫
V
Σ0i ∧ iξF 0i = 2
∫
V
iξ(Σ0i ∧ F 0i) = 2
∫
V
iξ
1
2
(ei ∧ Ti − e0 ∧ T0)
=
∫
V
N(T0 − ei∧ < e0, Ti >),
(2.8)
where < e0, Ti >= ie0Ti.
The second term can be written as
2
∫
V
iξA
ki(A0k ∧ Σ0i) = 2
∫
V
< −Ne0, Aki >< ei, A0k > e1 ∧ e2 ∧ e3
=
∫
V
−N < e0, Aki > (< ei, A0k > − < ek, A0i >)e1 ∧ e2 ∧ e3.
(2.9)
Since the connection 1-form fields are given by
A JI = e
c
I∇aeJc dxa, (2.10)
one can get
< ei, A
0
k > − < ek, A0i >= −(eai eck∇ae0c − eakeci∇ae0c) = −(eai eck∇ae0c − eckeai∇ce0a)
= −eai eck(∇ae0c −∇ce0a) = −eai eck(de0)ac,
(2.11)
since e0a = −N(dt)a, one can get de0 = −dN ∧ dt, e0i = 0, so this term is 0.
The bulk term can be written as∫
V
ΣIJ ∧ iξdAIJ − dΣIJ ∧ iξAIJ =
∫
V
N(T0 − ei∧ < e0, Ti >) ≡ E, (2.12)
where E can be considered as the energy of the system.
2.2 The boundary term
Next we consider the boundary term. We choose the boundary ∂V to be N = constant
surface within t = constant surface [5]. Define the acceleration vector ac = ub∇buc, which
satisfy abub = 0, so we can choose e
1
c =
ac√
‖acac‖
= ac
a
. On the other hand,
ac = h
b
c∇bN/N ⊜ 0, (2.13)
where ⊜ means the equalities on ∂V , so we have
e1 ⊜ 0. (2.14)
Thus the no zero covielbein on ∂V are e2, e3. The boundary term is∫
∂V
ΣIJ ∧ iξAIJ = 2
∫
∂V
Σ01 ∧ iξA01 = 2
∫
∂V
< −Ne0, A01 > e2 ∧ e3
= 2
∫
∂V
−N(ea
0
ec
1
∇ae0c)e2 ∧ e3 = 2
∫
∂V
−N
√
‖acac‖e2 ∧ e3 = 2
∫
∂V
−Nae2 ∧ e3 = −2
∫
∂V
Na
√
σd2x.
(2.15)
– 3 –
So the final result is
∫
V
ΣIJ ∧ LξAIJ =
∫
∂V
−2Na√σd2x+
∫
V
N(T0 − ei∧ < e0, Ti >). (2.16)
Define the surface and bulk degrees of freedom,
Nsur =
∫
∂V
√
σd2x
G
= 8pi
∫
∂V
√
σd2x; Nbulk =
E
(1/2)Tavg
, (2.17)
then the time evolution of spacetime can be written as
−
∫
V
ΣIJ ∧ LξAIJ = 1
2
Tavg(Nsur −Nbulk), (2.18)
similar to Eq.(1.1).
3 Conclusion
In this paper, the main result is the Eq.(2.18), which states that the time evolution of the
spacetime is driven by the departure from the holographic equipartition. It has the similar
structure as that from the metric formulism. In all static spacetime, the time evolution is
frozen, so maintain the holographic equipartition.
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